Cannabis smoking appears on teaching slides as a cause of bullous lung disease and consequent pneumothorax. This seems to have become received wisdom-'A striking feature of cannabis smoking is that it is associated with bullous lung disease in young people'. 1 The authors cite a report of four cases. 2 The suggestion appears, albeit in more muted terms, with the same citation in a UK Parliamentary memorandum on adverse effects of smoking marijuana on lung health. 3 What is the evidence that cannabis smoking causes bullous lung disease and what is its association, directly or indirectly, with pneumothorax?
The characteristic clinical condition of acute pneumothorax is of a patient who presents with symptoms of rapid onset and is found to have free air in the pleural space. There is a widely accepted taxonomy. 4 Patients presenting acutely are classified as having spontaneous pneumothorax to distinguish them from those caused by trauma (including iatrogenesis from various interventions with needles in the neck vessels, breast, pleura or lung). Spontaneous pneumothorax is then subdivided dichotomously into primary and secondary.
Secondary spontaneous pneumothorax includes all of those where the pneumothorax occurs in the presence of any underlying lung disease. It is most frequently seen against a background of the common lung diseases that cause enlargement and weakening of the air spaces such as emphysema and chronic obstructive pulmonary disease. Occasional patients have one or more very large bullae. They are usually distinguished from the patient group with chronic obstructive pulmonary disease and emphysema on the basis of younger age and characteristic radiological findings. Is cannabis a cause of these large bullae?
Secondary pneumothorax also occurs in other common diseases such as lung cancer, tuberculosis and lung abscess which may necrose, cavitate and breach the pleura and occasionally present with pneumothorax. There are many much less common diseases such as lymphangioleiomyomatosis, Wegner's granulomatosis, pneumocystis and Langerhans' cell histiocytosis that may present for the first time with pneumothorax. This long and effectively endless list of possible causes is not surprising when one notes that the visceral pleura is thin and vulnerable and arguably any lung disease can result in pneumothorax occasionally. 4 Primary spontaneous pneumothorax is the characteristic condition of young people, predominately males (3:1) in their teens to mid thirties ( Figure 1 ). They tend to be tall and lean; a family history is not infrequent. They fall into a well characterized diagnostic frame. 5 The words 'primary' and 'spontaneous' have a tendency to be conflated with idiopathic or of unknown aetiology but there is a very definite pathological lesion. In most cases there are small bullae apparent at the apex of the lung. Now that surgeons can obtain excellent magnified views at video assisted thoracic surgery computerized tomography 6, 7 and radiologists inspect them with high resolution CT there is no mystery about it. Might cannabis smoking contribute to this group? After all bullae must start small and progress over time to become larger.
There is a quite separate way in which cannabis smokers are reported to present with abnormal air in the chest (pneumothorax and/or pneumomediastinum). Instances in case reports are attributed to extreme breath holding, Valsalva, and Müller's manouevres. [8] [9] [10] [11] This is a form of barotrauma which is a well-recognized cause of pneumothorax in intensive care units. If there is a cause-and-effect relationship between cannabis smoking and acute rupture of previously normal lung air spaces due to extreme pressure change, it falls under the diagnostic heading not of spontaneous but of traumatic pneumothorax. The focus in our investigation was on bullous lung disease in cannabis smokers.
METHODS
. We performed a systematic search of PubMed and Medline seeking evidence for an association between bullous lung disease and cannabis smoking . We searched for epidemiological data about the prevalence of lung bullae per se . We searched for clinical series that might provide information about the aetiology of bullous disease . We searched for pathological evidence concerning the effect of cannabis on the lung . We looked for information about the rates of cannabis smoking by age and population.
RESULTS

Clinical reports of association
We found 10 cases in four reports 2,12-14 where the authors have described bullous lung disease in association with cannabis smoking (Table 1) . Their ages were 24 to 46, nine were male and all were also tobacco smokers.
Epidemiological evidence about bullous disease prevalence
The prevalence rate of bullous lung disease in a series of 49 902 food handlers undergoing compulsory chest X-ray at the Philadelphia Mass Radiography Unit in 1967 was 1.2 per thousand. 15 As they relied on 70 mm images this is likely to be an underestimate. The incidence was higher with increasing age which is what one would expect in any condition which is unremitting and degenerative. In a 5% sample no bullae were found in non smokers. 16 In a subsequent publication intriguingly entitled 'Bullous lung disease in short order cooks' they discovered that it was three times higher in those exposed to cooking fumes possibly related to deep frying and working over grills. 17 
Surgical series of bullous disease
In 1957 the London Chest Hospital 18 reported 21 operated cases (aged 26 to 65, 18/21 male). The age and sex distribution in this 1950s surgical series and in the 1960s epidemiological data are reflected in the ten cases reported in association with cannabis smoking (see Table 1 ). In 1976 there was a report from Wisconsin of 14 patients operated on between 1955 and 1974 for what they described as giant compressive bullous emphysema or vanishing lung disease 19 ; there was a similar series of 14 cases operated on between 1963 and 1969 in Southampton, UK. 20 The condition was familiar to the authors and the emphasis is on selection of cases for surgical management to relieve breathlessness.
Pathological evidence for damaging effects of cannabis smoking
We found one large prospective histopathological study in 241 known cannabis smokers 21 bullae. The 95% confidence intervals for 0/241 are 0%-1.5% making any substantial causative link unlikely. Thus far, we have been unable to confirm this with the authors, but if they did not discover any cases among the 241, it would be compatible with the prevalence of about 1/1000 indicated by epidemiological data. 15 There is a much smaller pathological report from Australia of 'bong lung' in 10 patients who underwent resection of bullous lung disease. 22 The author states that as he was not blinded to the smoking history of the subjects this can only be an alert.
He draws no conclusions about the aetiology of bullous disease.
Cannabis use
The use of cannabis among the general population of the European Union has increased since 1990, especially among young adults aged between 15-34 years. Lifetime experience of cannabis use is reported as up to 30% in Denmark and the UK, with USA figures in a similar range.
DISCUSSION
Bullous disease is neither a rare nor a new disease. [15] [16] [17] [18] [19] [20] [23] [24] [25] Based on epidemiological data, among 100 000 men in the age group of the cases reported, one might find 116 with bullae evident on chest radiography. Cannabis smoking is common, so the two will occur together by coincidence. But the hypothesis that cannabis actually causes bullous lung disease cannot be totally refuted; it is difficult to prove a negative assertion. Tobacco smoke and other inhaled substances damage the airways 21, 26, 27 and there is likely to be an additive effect due to cannabis but its specific role in causing lung bullae must be questioned. Association can easily be interpreted as cause and effect particularly by a mind primed by the literature. 1,2, 13, 14 The surgical management of lung bullae has undergone renewed interest. It falls within the surgical endeavour now referred to as lung volume reduction surgery. 28 When that concept was reintroduced 10 years ago it was with the intent of relieving thoracic distension to improve respiratory mechanics 29 in patients with chronic obstructive pulmonary disease. Its role had been better defined in a multicentre randomized trial. 30 The favourable group are those with heterogeneous upper lobe predominance, the extreme form of which is of course large apical bullae. It appears that the wheel has come full circle. The emphasis in the older reports was entirely on ridding the patient of bullae that were seen to be a waste of space. [18] [19] [20] 24, 25 The more common condition, primary spontaneous pneumothorax, is a familiar cause of attendance at accident and emergency departments and of medical admissions. Since it is at its maximum in the teens and twenties, there might be a history of cannabis use in at least 10% and up to 30%. As many as a third might be coincidental cannabis smokers. Pneumothorax secondary to cannabis could not by definition fall within this diagnostic frame but on the evidence there is no need to reframe the disease. Lung rupture due to barotrauma is a separate matter.
The phrase 'a striking feature' with reference to lung bullae 1 is a strong assertion to be referenced only to a report of four patients. Co-authors, reviewers and editors generally provide a series of safety nets to protect us from overstatement but perhaps when sex, drugs and rock and roll are involved, titillation clouds reason. Some people who take Viagra (sildenafil) die (indeed all people who take Viagra will eventually die) but it took the medical statistician Stephen Senn to remind readers of the Big Issue that it does not follow that it was the Viagra that killed them. 31, 32 The association of two factors to imply causation remains common in spite of accessible books dealing with the matter. [32] [33] [34] Building a belief based on isolated instances has its pitfalls as illustrated by the story of the Chinese philosopher Han Fei Tzu who died in 233 BC:
'Once there was a boy told by his master to catch a hare. He went out . . . lo and behold he saw a hare running along at full speed. As he watched in astonishment, the hare ran smack into a tree and knocked itself unconscious. For the rest of his life the boy waited behind the same tree in the hope that more hares would do the same thing. ' We are not the first to question the strength and validity of assertions about cannabis and health. A BMJ editorial 1 attracted a very large electronic mail bag, it was criticized for flawed arithmetic 35 and pilloried in a book on logical thinking. 36 A subsequent editorial substantially has corrected its message 37 and put things in better perspective; but the statement about bullae remains uncorrected. It is of great concern that this belief about cannabis and lung bullae should have gained such wide acceptance without the production of better evidence. Perhaps myths are more easily made than forgotten.
